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The Setback Distance Concept and 
1999 Chi-Chi (Taiwan) Earthquake 







The October, 1999 Chi-Chi earthquake in Taiwan, while devastating in the damage to property and life, has become a prototype for 
faults and earthquake study in Taiwan. The extensive on-site observations taken after the event provide useful and pertinent data in 
developing measures to mitigate property damage and loss of life in future earthquakes. According to the Taiwan National Center 
for Research on Earthquake Engineering (NCREiE) statistics, at least 30% of the building damages in the Chi-Chi earthquake 
resulted from surface faulting and ground movement. The State of California, USA enacted in 1973 the Alquist-Priolo Earthquake 
Fault Zoning Act in an aim to establish setback distances from an active fault to minimize fault movement induced damage. Such a 
concept was also incorporated into the Taiwan Building Code recently as a result of Ch-Chi earthquake. The principal reason for 
establishing a Setback distance is to define a “reasonable” distance from a fault withm which most buildings for human occupancy 
are prohibited so as to minimize damages to buildings and human life in the event of a fault rupture. T h s  paper utilizes the data 
gained from the Chi-Chi earthquake within and without setback areas to study and evaluate the correlation between damages and 
distance from fault. First, ground distortion was analyzed based on the elevation data recorded before and after the earthquake in 
Wu-Fong Townshp. These data are then used as a basis to evaluate the correlation between observed ground distortion, &stances 
from fault rupture line and damage to buildings in three specific sites. The purpose of the study and analysis is to evaluate the 
established setback codes as relates to observed building failures along the Chi-Chi earthquake fault lines. 
INTRODUCTION 
Observed surface rupture displacements in California, USA, 
vary from 1 cm to 6 meters since 1974, while observed 
vertical displacements in the Chi-Chi earthquake vary within 
the range of 1.5 to more than 11.0 meters. Normally it is 
extremely difficult, if not impossible, for any structure to 
resist large amounts of displacement without major damage. 
Many seismically active countries have enacted special 
regulation into building codes to prohibit or restrict land 
developments in active fault zones. A typical example is the 
State of California, USA, which enacted the Alquist-Priolo 
Earthquake Fault Zoning Act in 1973 and adopted a 
minimum setback distance of 50-feet. Most buildings for 
human occupancy must reside outside the defined distance 
from a fault, so as to avoid or at least minimize the hazard to 
buildngs and human life in the event of a fault rupture. Japan 
distances from the fault rupture line, the building damages 
based upon on-site observations and elevation survey 
measurements performed before and after the earthquake. 
The analysis and results are intended to provide insight 
toward the established setback codes as relates to observed 
building failures along the Chi-Chi earthquake fault lines. 
due to its unique geological structure conditions and land 
constraints, has not applied the setback concept. The Japanese 
government made available to the general public all the active 
fault investigation reports and put the burden on land 
developers and architects to contemplate the potential impact 
resulting from fault movement into their designs. 
The problems inherent with establishing setback limits or 
estimating potential impact are due primarily to the small 
amount of actual data from varying types and levels of 
earthquakes and the inability to predict fault movement 
caused by earthquake. The extensive on-site observations 
collected after the Chi-Chi earthquake by the National Center 
for Research on Earthquake Engineering (NCREE) in Taiwan 
provide pertinent data that can be utilized as a basis to 
establish measures to protect buildings and life. T h s  study 
analyzes the correlation between ground distortion at varying 
APPROACH 
As previously stated, the concept of setback distance is to 
prohibit any human occupied building located within defined 
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distances from an active fault. Adopting the setback limit 
concept recognizes the h g h  probability for obvious and non- 
negligible ground movement happening and causing severe 
damage to buildings within this setback distance. 
Technically, the level of ground distortion should be much 
higher than the allowable differential settlement for any 
buildings in the area within the defined setback distance. 
Therefore, this study will look at the setback distance concept 
from two aspects, ground distortion and distribution of 
damaged buildings on both sides of the fault rupture line in 
the Chi-Chi earthquake. Ground distortion is studied by 
using the elevation data surveyed after the Chi-Chi 
earthquake. The assumption is that the pre-Chi-Chi 
earthquake elevations surveyed were consistent over larger 
areas. As is the case in most areas of the world, survey data 
taken prior to an earthquake is not as comprehensive as those 
done afterward. Areas with approximately uniform elevations 
before the earthquake were therefore selected as the study 
areas in this research. In addition, the author (Yang, H.W., 
et. al, 2000) adopted the approach of defining building 
damage distribution to compare boundaries defined by 
setback distances. 
ANALYSIS AND RESULTS 
As indicated, it is assumed that the elevation is approximately 
consistent before the earthquake in this study. The sports 
ground of Kuang-Fu High School was cut through by the 
fault, causing the south side to lift up 2 meters, while the 
ground on both sides of the fault line remained practically 
level. Fig. 1 shows the layout of the Kuang Fu High School 
with elevation data and near buildings. It also demonstrates 
the three cross-section types selected for this study. Section 
A-A pass through the sports field without any existing 
buildmgs. Both section B-B and C-C pass through the sport 
field, campus building, and nearby residential area. In order 
to know the vertical ground movement caused by this 
earthquake, ground distortion is used and defined as the ratio 
of elevation difference and horizontal distance that is similar 
to the differential settlement commonly used in geotechnical 
engineering. 
Fig.2, 3, and 4 are the ground distortion for section A-A, B- 
B, and C-C respectively. It is quite obvious that a peak value 
exists nearby the fault line area as a result of abrupt vertical 
displacement from fault movement. 
Fig. 2 presents a typical ground distortion behavior due to 
fault movement. The level of ground distortion becomes less 
as the distance increases from the fault line. However, one 
distinct trend shown in Fig.3 and Fig.4 is a second peak with 
a lower value about 100 meters from the main fault line due 
to the existence of a sub-fault generated from this earthquake. 
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Fig. 1 The Layout of the Study Area (Base Map provided by 
NCREE) 
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Fig. 2 Ground Distortion Distribution in Section A-A 
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Fig. 3 Ground Distortion Distribution in Section B-B 
Differential Elevation : C-C 
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To further investigate the setback concept from the 
observations after Chi-Chi earthquake, the author built up the 
correlation between the damaged buildings data and distance 
to the fault rupture line for Wu-Fong area. The building 
damage assessment data was provided by the Public Work 
Department of Wu-Fong Township and mapping work done 
by Lin, S.M. (2000). It was found that the damage in this 
earthquake was more severe on the up-lift side (east of the 
fault line) than on the non-uplift side (west of the fault line) . 
Fig. 5 provides the data distribution for builQngs that 
suffered minor or no damage and obviously supports the 
setback boundary defined both by California code (50 fi) or 
Taiwan code (15 meters). Fig. 6 presents the data for 
buildings that suffered severe damage relative to the distance 
from the fault line. It is true that buildings located near fault 
area were severely damaged. However, in many cases 
buildings located on the uplift side at a distance varying from 
15 meters to 50 meters from the fault rupture line suffered 
major damage. 
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Fig. 5 Building Distortion Distribution : MinorNo Damage 
Fig. 4 Ground Distortion Distribution in Section C-C 
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Fig. 6 Building Distortion Distribution : Severe Damage 
CONCLUSION 
It is clear from the building damage distribution curve shown 
in Fig. 6 that the setback Qstance on the non-uplfied side is 
s&cient. It is also clear that on the uplifted side that the 
majority of the severe damage was outside the setback limits. 
“Minor or no damage” shown in Fig. 5 demonstrates that 
there is relatively little damage on the non-uplifted side of the 
fault outside the established setback limits. It is interesting to 
note that within the setback area on the uplifted side of the 
fault, that there were no recorded minorho damage reports. 
The conclusions reached from this study are: 
1. Setbacks for faults that have experienced, or that are 
expected to experience, uplifts need to be extended on 
the uplift side. 
Generally, the established setback limits on the non- 
uplift side are adequate. 
On-site surveys of damage to buildings after severe 
earthquakes should be conducted such that a larger 
database can be provided to make even more 
conclusive proof of these findings. 
2. 
3.  
The observed conditions after the Chi-Chi earthquake 
certainly support that buildings across a fault line 
experiencing elevation differences are not safe. 
In many cases, buildings suffered only minimal damage 
withn a given distance from the fault; while, buildings much 
further from the fault suffered extensive if not catastrophic 
failure, especially on the up-lifted side. 
Notwithstanding the above and the inability to predict fault 
movement triggered by future earthquakes, it can still be 
concluded that the concept of setback distances is certainly 
the right approach to protect building and life and to avoid or 
minimize economical and social costs that may arise from 
earthquakes. Of course, a “reasonable” setback distance will 
vary depending upon geological structure, fault distribution 
and estimated movement and etc. in different areas of each 
country and should be defined by the applicable government 
after contemplating these factors and its particular limits and 
constraints. The problem with setback limits for countries 
like Taiwan and Japan is primarily one of limited land; 
whereas, in large countries such as the USA more land is 
available to allow larger setbacks with little real effect on the 
economy. 
It is equally important that investigation in the aftermath of 
future earthquakes should continue to build a more 
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